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and charts; films, filmstrips, slides, film loops, hnd " 
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FOREWOftD 



Suapeneion and Alinement Services was developed from the suggested 
'services for automotive springs, shocks, stabilizing deVices, front 
suspension, and steering that are Jisted in the Automotive Services 
Occupations. The content may be used in secondary schools and ardult 
programs to assist in preparing individuals who wish to enter the automotive 
field or to upgrade personnel already working as automotive mechanics. 

Appreciation is expressed to Fred W. Gramet, automotive team leader, 
Nassau County BOCES, Jeriqho, for, the development of the original instruc- 
tional materials. Additional information was contributed by WaMace 
Chapman, auto mechanids instructor 'at Hudson Valley Community College, 
Troy.' Assistance relating to content was provided by Charles A. Stebbins, 
associate in th^ Bureau of Trade and Technical Education. The project was 
coordinated and the manuscript prepared for publication by Nelson S. Maurer, 
associate in the Bureau of Continuing Education Curriculum Development. 
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MESSAGE Tj) THE INSTRUCTOR 

Suspension and Alinement Services is designed to prepare students for 
employment in a specialized area of ;^utomotive services. Units are 
presented in numerical order, but the' sequence may be altered to accommodate 
the needs and backgrounds of tK^'^^ainees . The availability of tool« and 
equipment also may necess^itate adaptations in the use of the materials. 

This guide suggests methods and materials that should enrich a course 
and help achieve a more effective presentation. The general objectives ' 
for each unit are stated in terms of performance activities that the student 
is able to do as a result of the iitstrudtion. The standards, as determined 
by the instructor, should be at least the minimum proficiency necessary for 
entry employment in the area of suspension and alinement servicte,s. ^ More 
detailed objectives may be developed and these also should be stated as 
observable behavior that the learner, is able to do when applying the skills 
and knowledges acquired. The left-hand column of each unit contains^a 
suggested topical outline; the right-hand cqlumn gives related factual 
information, as well as suggested teaching techniques and page references 
for selected textbooks. At the conclusion of each unit, topics for review • 
discussion are included. Also, a sample finai examination is proviA^^ 

The use of instructional aid's will greatly clarify the presentati^ 
of^ the mate'rial. A lisVof suggested aids is given in the bibliograph 
Excellent instructional materials are available from Various automobile 
and automotive equipment manufacturers. Local dealers will often donate 
"service instructional materials after. they have presented the information 
to their own mechanics. Specific items' may be Idtated in Automotive 
Instructional Material published by the Automotive Service Industry 
Association. Many useful teaching aids" may be 'fabric^teltV from samples or 
discarded equipment. J 

New instructional aids are constantly being, made available to 
instructors. Current releases of audiovisual aids ^re usually listed in . 
issues of such publications as American Vocational Journal^ Industrial 
Education^ and School Shop. New information relating to the automotive • 
industry is available' from automotive trade magazines and automotive 
enthusiasts publications. ^ • ^ : 

. . ^ ' . CARL G. BENENAir, Chi^f 

Bureau of Trade and 
* Technical- Education 

ROBERT H. BIELEFELD. Director . ' 

Division of Occupational Education Instruction 
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UnitI 



OBJECTIVES 



INTRODUCTION ♦ 



' The student will be able: * ^ ' 

• T6 assess the value of the course in meeting his perceived' 
occupational need^ 

• To demonstrate appropriate work habits and attitufles during 
traininn and on the job ^ . • 

• "fo demonstrate a high regard for the safety of himself ^nd his 
fellow workers during training and oh the job 

• To explain brief ly the ev6lution of suspension and sheeting 
systems from the wkgon to the modern car 

• To identify and explain ihe operation^^f the component parts of 
the suspension and steering, systeifts- 



• To pxplaj.n how the 
vehicle affect its 

CONTENT OUTLINE ^ 

,Im5)ortance of , ^ 
Suspension and 
Arinement Service 



suspen^ 
handlil 



^^"st^^iing, and 
:haract eristics 



alinement of a 



V flS^ERSTANoj 



ERSTANDINGS ANp TEACHING APPROACHES 

Indi;cate ,that to ke^ep the 'original handling 
. qualities of a vehicle and to get maximum 

tjfe wear periodjj/fc wheel alinement and service 
. to the suspension system are necessary. 

Filrthermoye, neW tire designs and increased 

.highway speeds have emphasized the desirabilit; 

of maintaining the sus{)ension system at ox 
^-near the original specifications. AlsV, the 

condition of the tires and the suspension 

system are included in /the required annual 

vehicle inspection. 

Point out that the individual fcoing frotit 
/end work needs to be a trained technician 
because many times the customer's life 
depends on the way the job is done. Also, 
the equipment used for sospensioQ^ and aline- 
^ment repairs is costly and usually requires 
.the services of a skilled individual. This 
is a well-paid area of the repair trade, and 
'the mechanic often has the opportunity of 



Introduction 

-CONTENT OUTLINE 



, . . .... 

UNDERSTANDINGS AND TEAO^ljlC; APPROACHES 

earning a bonus based on the volume' of work 
produced. A person cot^ld als.p specialize 
and spend all his time in thib' field. 
Employment opportunities are availably with 
new-car^ dealers, tire distributors, chain- 
store automotive service dfepartments , and ' 
speciality shops. 

The purposes of the course are: 

• To permit individuals who are/now 
workin|^as automotive mechanics to 
improve and update, their knowledge in 
the rapidly changing area of • suspension 
and alinement sei^ice 



II. Overview of Course 
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• To .provide training in suspension and , 
alinemient service for students In 
vocational and occupational education 
programs as w^ll as other interested 

• persons 

Indicate that the course will cover all areas 
of suspension and alinement service including 
the following: 

• Types 6f suspensions and their repair 

• Alinement 

• Wheel balance' 
Diagnosis 

Point out that each student wiljj learn the 
- theory from class presentations and the text 
and then will have the opportunity to apply 
this knowledge by working on live jobs, 

\, Indicate alsQ^such items as the length of 
each session, the number of sessions^ the. 
pr6cedures 'to be followed in class, the 
reasonl^for homework, and in general, the 
expectations for each class member. 

Emphasize that there will be qtaiz^es through- 
out the course as well as a final examination. 
^ . Note that following the- final examination, 
time will be allotted for a* review of the 
test and for answering questions about the 
course. 



coNTiiNT t3in'LiNr: 



Introduction 
UNDIiRSTANDINGS AND TKAGIING APPR6ACMKS 



A, Individual neecjs Determine the background, and needs of each , 

student. Use this information to adapt the 
course content tg meet as ;nany of the 
individual needs as possible, keeping in mind 
the equipment available. 

Develop a card data file for/each student ^ 
listing address, phone number, needs, goals, 
training, work experience, and other pertinent 
infi^rmation. This file will be valuable in 
giving individual aid during the course. 
Also, it-will help to maintain contact with 
students after employment. Many times former 
^ ' students can f^ovide up-to-date trade^ 

information, training aids, and placement 
assistance, 

B. iVork habits and Discuss the importance of good work habits" 
attitudes and show how these might aid an individual 

in maintaining and improving his position. 
Include such items as: 

• "Sense of responsibility to employer 
and other employees 

• Appreciation of safety rules and 
regulations 

^ • Accuracy and speed - 

Discuss the atti-tudes that employers expect to 
find in employees^ - , , 

^ ♦ • Indicate that ^many tinjes the cause of a 

worker's dismissal is related to his poor 
. work habits „and not to his lack of knowledg^. 

Emphasize the importance of developing good . 
^ work habits an^^ desirable attitudes during 

the course, (Ref, What Employers Want; Why 
-Young People Fail To Get and Hold Jobs) 

II, Course Requirements ^ - 

A, Pr€|requisites It would be advantageous for students to be 

Ichowledgeable im the following areas: 



• Basic mathematics 

• Basic science 
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B. Textbook 



C. Notebook 



IV. ' General- Safety 



Introduction '/ • 

CONTENT OUTLINE UNDERSTANDINGS AND TEACHING APPROACHES 

. • Plane geometry 

Basic automotive ijiechanics 

• Shop safety 

\ If a textbook is to be used, give its title, 
price, and source. Arrange for a group order. t 

Indicate that a looseleaf notebook is 
necessary for keeping class notes, 
information, specification booklets/^nd 
other materials distributed during the course. 

Review general rules of safety for the 
service garage employee. (Ref. B, pp. 47-49; 
General Safety Instructions; Safety in Your 
Future; Your Guide to Safety as a Service 
Garage Employee) 

Use films or transparencies that deal with 
safety to en5)hasi2e the importance of 
practicing safe work procedures when performing 
any type of repair work. < J 

Ask students to discuss their own experiences 
with accidents and have them indicate the 
-> procedures that should have been followed. 

Discuss the dangers of horseplay and hot 
rodding, and give examples of the possible 
consequences of each. 

Show the location of fire extinguishers and 
discuss fire control procedures. 

Explain the specific safety procedures for 
using the following: 

• Wheel balancers 

• Lifts and jacks for vehicles 
* • Compressed air. * 

> • Coil spring compressors 

A. .Protective clothing State school policy relative to coveralls* 

: shop coats, or uniforms. Mention possible 
storage areas for clothes and outer garments. 

tRefercfhce citations are shown on page 61. 
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CONTENT OUTLINE 
B. Safety glasses 



Automotive Suspension 
and Steering Systems 



Introduction 
UNDERSTANDINGS AND TliACHINC APPROAQiES 

Indicate the school policy relative to the 
vf earing of approved safety glasses. 

Arrange for a group purcJvase of approved 
safety glasses for thos<5 who wish to have 
their own glasses . 

Review briefly the development of the modern^ 
suspension and steering system,, including 
^ the ACkerman steering and kingpin axle. 

^ Expl&in how the suspension of a vehicle- tends. 

to improve its ride Qnd handling qualities. 

Define and explain with simple* examples how 
the following terms affect the ride and 
handling bf vehicles: f 

' ' • Sprung weight 

• Unsprung weight 

A. Types of suspensions Indicate th||| leaf springs were the first 

type of surawsion used. Although leaf 
springs are^till being used^ point out that 
' other types of suspensions have been tried 
and found satisfactory. 

Explain, illustrate, and point out some of 
the advlantages and disadvantages of the 
following types of suspensions : 

• Leaf spring (transverse; full, semi, 
and quarter elliptic) 

• Coil spring {common) * 

• Torsion bar (VW and Chrysler) 

• Air suspension (Mercedes-Benz) 

• Hydrolastic (Austin-Anieri.can) 
^» Hydraulic (Citroen) 



B. Front suspension 



Indicate how the efforts to reiitice the unsprung 
weight of a vehicle lead to the development of 
the independent front suspensions. (Refa A, 
p. 37). 
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Introduction 



CONTENT OUTLINli UNDERSTANDINGS AND TEACHING APPROACHES 

txplain and illustrat^o the fQllowing t/pea 
of front suspensions: 

'J 

• Solid axles (trucks and older cars) 



< 



• **A** frame (common) 

• Trailing arm (old VW) 

^ ^ • Leading ayfn (Citroen 2CV) 

• Swings axle (Hillman Imp) 

• >tec Pherson (BMW) 

• Sliding piller (Motgan) 

By using the lift# compare as many different 
types of fr^nt suspensions as are readily , 
available. (Ref^. F, pp. 284-288) 

C. Rear suspension Indicate that the solid axle -is the main 

type of rear suspension ^ound on American- 
made cars, but many alternatives are used 
on foreign cars. Explain and illustrate 
^ the following types of rear suspensi^on: 

• Hotchkiss drive (comroon) 

• Torque- tube drive (Buick) 

• Swing axle (VW) 

• Full independent (Corvette) 

• Foreign types 

Point out tha"t"indepen,dent rear suspension 
may improve roadabil^ty and ride bfit it means 
5. an additional first cost as well increased • 
sfervice costs. (Ref. A, pp.' 38-46; Ref. B, 
pp. 458-459). 

D. Suspension linkage Indicate that mUch of the service to the ♦ 

suspension lihkage involves the replacement 
of wyn parts. .Display samples and explain 
the operation and wear points of thle following 

^ • Ball joints ■ \ . 

^ • Kingpins and bushings- 



CONTENT OUTLINE 



ONDER^Al^ING? AND TEACHING, APP 
Tie rods and ends 

• Rubber suspension bushings 

• Shock absdrbers 



Introduction. 



E. Shock absorbers 



\ 



Point out that evfen though most modern cars ^ 
have extended lubrication periods, the - 
mechanic still has to be ablg^o follow a 
lube chart aiid perform a quality lubrication. 
Demonstrate how to inspect the suspension 
system for excessively worn component parts. 

Emphasize that it is the'^*?^sponsibility of 
the mechanic to inform the customer when a 
hazard exists. (Ref. C, pp. 62-66) 

Explain the purpose and operation of shock 
absorbers . 

Display and explain the following types of 
shock absorbers: . * 

• Piston ^ 

• Direct acting 

, • Load leveler ^ 

Demonstrate how to test shock absorbers on 
and off the car. 

Indicate that most original equipment shock 
absorbers need to be replaced after about 
20,000 miles. Thus, many cars on the road 
today need to have their shock absorbers 
replaced. (Ref. A, p. 63; Ref. D, pp. 459- 
460) 

Review Discuss^n 

1. Explain the purpose of the independent front end suspension system. 

2. Describe the difference in construction between the ball joint and 
the kingpin type of suspension. 

3. bist and explain the use of three types of suspension springs. 
.4'. Define and explain the importance of unsprung weight. 

5, Explain the damage that can be caused by defective shock als^porbers . 
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SUSPENSION SERVICE AND REPAI 

■ • ■' . ■■ \ ' 

OBJECTIVES ' * ^ ' ' ' 

The student will be. able: . 1 

• To inspect and service kingpins and ball joints 

• To inspect and service steejring linkages 

• Tq ipspect and service spring shackles and stabilizer and 
siaspension bushings 

• To ;remov(B and replace springs and adjust curb height 

• To service and replace shock absorbers 

^ ■ 

• To explain the different types of shock absorbers available and 
recommend the best type for specific kinds of use 

• To diagnose suspension problems and suggest the use of spring 
boosters when required 

• To explain to the customer the reasons spring boosters are needed 



CONTENT OUTLINE 



Ball Joints 
A, Inspection 



UNDERSTANDINGS AND TEACHING APPROACHES 

. . «, 

Explain and demonstrate how the location of 
the coil sprii<jp determines where the jack" is 
jplaced/when raising a vehicle to inspect the 
ba]J| joints (Ref . G, pp. 31-24 — 31-25, 
31-69). t. 

m 

Show how to use a wedge to support the upper 
A frame when inspecting Falcon type ball 
joints. ' 

Demonstrate how to test both types of front 
suspensions for axial and radial play. ^ 
Indicate that ball joints should be replaced 
when the play exceeds State inspection 
requirements or factory specifications. 
(Ref. E) * . 



EKLC 



tReference citations are shown on page 61. 
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"Suspension Service "and Repair o 
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Content outline 

■ B.,. Lubrication 



Replacement 




King|)ins and 
Bushings 



A. Inspection 



B. Lubrication 

C. Replacement 



UNDERSTANDINGS AND TEAMING APPROACHES 

f Show how to lubricate ball joints. Ob'tain 
lubrication procedures from service ti^uals. 

Emphasise the importance of proper jaclc^ 
placement when repairing, both types of front 
suspension. 



Caution students to use a wedge 'and othet 
support tools when replacing *ball joints 
because the tension on the spring may be 
seyeral hundred pounds whidi could very 
dangerous if not properly •rontained. 

Demons/rate ftow to use ther air chisel and 
other special tools for the removal of ball 
joints.] Have students refer to service 
manuals/ for specific removal procedures; 

Explain why the* bolts used for installing 
ball joints are special high-strength bolts . 

Explai'n the different jt'ocking devices used 
to hold ball joints in place. 

Have students practice inspecting, lubricating, 
removing, and replacing ball joints. 

Point out that kingpins and bushings are located 
in*' the: > 

• spindle . < 

• Knuckle 

Demonstrate how to check kingpins and bushings 
for wear. Point out the maximtun allowable 
movement at the whe^l specified by the 
State inspection requirements. (Ref. E)^ 

Emphasize the importance •of proper jack 
placement when inspecting and servicing^ 
kihgpins. . \^ 

"Show how to lubricate kingpips . 

Explain the various methods that are used to 
lock the kingpin in position. 

JPoint out that some vehicles have full floa ^ng' 
kingpins and bushings with needle bearings and ; 
this type will fit without further machining. 

15 
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Su^ension Service and Repair 
CONTENT OUTLINE 



III, Pivot Pins and 
Bushings 

- a! Inspection 




JV, Springs 



' UNDERSTANDINGS AND TEACHING APPROACHES 

Demonstrate different methods of removing and 
replacing kingpins and bushings. Have students 
r^er to service manuals for specific removal 
procedures • . , 

* >■ 

Have students practice inspecting, lubricating, 
removing, and replacing kingpins land bushings. 

Demonstrate-how to install bushings ^d fit 
kingpins by the use of reamers and hones. 

Have the students practice fitting kingpins 
and bushings u^ing^ reamers and hones. 



Demonstrate^ how to inspect the pivot pins 

arid bushings. Point out the wear limits 

that are,^ specified by the State for pivot pins. 

Emphasize the importance of proper jack 
plac^ent when inspecting and servicing pivot 
pi3^;^l^d 'bushings 

Show how to lubricate pivot pins. Obtain 
lubrication /procedures from service manuals. 

Demonstrate the removal and replacement of 
pivot -pins and bushings. . 

Have students practice inspecting, lubricating, 
removing, and replacing piyot pins and bushings. 

^ 

Emphasize that when pivot pins or biAshing$ 
are replaced, the front suspension must be - 
alined. 

Explain the basic construction of the following 
types of springs: 

• Semielliptic leaf 
^ Coil 

• Torsion bar 

^ Air suspension ' 

• Hydro las tic 
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Suspension Se^ice and R^air 
iJNDERSTANDINGS SiD TEACHING APPROACHES 

.( 

(Ref . A,, pp. 53-60; Ref . F, pp. 287-288) 

Explain the co]i|pon causes for spring breakage. 

Demonstrate the procedures for the removal 
and replacement 6f coil springs. 

•Have students practi^ce removing and replacing 
coil springs-. \ ' 

Dejionstrate the procedures for the removal 
ana replacQjnent of leaf springs.- 

Explain why new bushings are always inserted^, 
between the bolt and hanger when leaf springs 
are. replaced. ^ " 

Explain why springs should be replaced in ' 
piairs. > 

Have stu'dents -practice removing aifd replacing ' 
leaf springs. * 

Demonstrate the procedures for the removal 
"and replacement of torsion bars. 

Have students practice removing and replacing 
torsion bars. 

Explain how to check the curb height of a 
vehicle by inspection and measurement. (Ref. 
A, -p. 150) — % " 

Point out that the manufacturer's specification 
6f curb height is usually from a point on 
the vehicle such as 'a body molding or A ^. 
frame bolt to the road surface without driver 
and passengers but with normal operating^ load. 

Expl£U,n why the 'curb height of a vehicle must 
be adjusted before the alinsement j.s started. 

Point out the conditions that affect the curb , 
height of a vehiqle'and show how to correct 
the following: 

• Broken^ or fatigued, springs 

• Excessive trunk lo^d 

• Lowering devices ' 

17 
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Suspension Service and Repair 
CONTENT OUTLINE ' 



• ^ UNDERSTANDINGS AND TEACHING APPROACHE 
(Ref. A» pp. 138-163) 



:he^ 



yi. Shock Absorbers 
A. Inspection 



B. Replacement 



Demonstrate hovr to adjust curb hei^t oi? a. 
vehicle equipped with torsion* bar suspension.' 

I ■ . . « 

Have Students practice/ measuring and adjusting 
curb heights on vdiiclea eonuipped'* with •torsion 
bars. ^ • . \ 

^ ■ ' - . '\^-^ 

Show how to visually inspect shock absorbersi^, 
foT^ leaks ^ " Indicate that any shock absorber 
that shows signs of leaking should be replaced 

Point put that. some, noises coming from the 
front or rear suspension may be dUe to shock 
absorbers or their mounting^. /' 

Demonstrate. how to test shock absorbers on 
the car by bouncing. Note that sejrviceable 
shock absorbers should limit the movement to 
one rebound. . * , 

... • ' 

«6how^how to disconnect a shock absorber from 
a vehicle and test its operation. 

Demonstrate the method of removing and 
' , ^replacing shock absorbers including the 
^ placement of rubber gromm^ts^ (Ref. C, pp. 

.224-225)/' ^ — 

Show how^ to use special tools to remove 

' frozen fittings. 

* ' ■. ' ^ 

Have, studejnts practice inspecting, removing, 
* : and replacing shock absorbers. 

/Explain why it is important ^to know the 

operating conditions of the vehicle before 
' recommending the- prope^Jfype of replacement 
sh^)c'k absorber. ^ ]fiH^« 

: / Point out that shock absorb|hE;s 'arfe available^ 
Ipp in the following types: / \ 

• Heavy duty 

^ ' • Adjustable * * 

■f . * - , ^ 

^ Racing 
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CONTENT OUTLINE 
VI I • Booster Devices 



VIII .Steering and 

Suspension Linkage 



Suspension Service ^and Repair 

^ UNDERSTANOrNGS AND TEACHING APPROACHES 

Explain why booster devices are uSed on 
vehicles. • - 



Demonstrate how to install the following 
types of booster, devices : 

• Load levelers - • 

• Air lifts ^ 

• Ai^ oyfki^ oil shocks 

• Booster springs i 

Explain Vfhy various types of steering and • 
suspension linka^s are used. 

Explain the functions and operation of th« 
following: - , > . 

• Pitman arm ' 

• Tie rqds' and ends ^ 

• Idler arm ' 

• Drag link ' , 

• Relay rod (center link) 
(Ref . C, pp. 62-66) 



Demonstrate how to inspect and service 
steering and suspension linkages. Refer to 
service manuals for specific procedures. ' 

Demonstrate how to remove bushings with a 
puller and also with normal hand tools. 

Demonstrate the removal of a ^tapered tie rod 
end by the lise of a 'pickle fork** or Xwo 
hammers. ^ . , , 

Caution students to be sure that the suspension 
units are not under load wb^n servicing 
component patts. 

Have students practice inspecting, lubricating, 
and servicing steering and suspension linkages. 
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Suspension Service and Repair 
CONTENT OUTLINE 



IBiDERSTANDINGS AND TeX^CHING APPROACHES 



r 

IX, . Safety Emphasize the iinportance of following ?aie 

work procedures when servicing .the suspension 
^ , ' system- Also, point out that an error 'made 

during the diagnosing or servicing of a . 
suspension, system could easily endanger the 
. ^ , customer's life. Review court peases in ' 

/ , which mechanics and garages ha^ lyeen held 

/. f V . ^ responsible for errofs^^ih^y made.. 

Review Discussion ** 

1. Name two classes pf' kingpins and bushings used on \\ 

2»y Describe how. to check the various types of ballft^ints toa^rear. 

3. Explain the advsmtag^s o^ balJi|joints over kinfl|||PWIir bushings . 

4. Explain how to check kingpins for wear^ ^ 

5. Explain where to place the jack when replacing ball joints on * 
vehicles equipped- wij:h conventional and Falcon type suspensions. 

6. Describe the function five types of springs used *on vehicles . 
7* Explain hpw t;o removlahnd replace a front coil spring. 

8. ^.; Explain »how to adjust torsion bars to change vehicle curb height. 

9, Explaih how to test shock absorbers on and of f . a vehicle. 

.10. Discuss methods of removing frozen' spring bushings,, nuts, and tie 
rod ends. 
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Unit. 3 



WHEEL ALINEMENT 

OBJECTIVES • / 

The student will be able: 

• To explain the basic principles of wheel alinement 

•To identify and explain the .function of caster, camber, toe-in, 
. steering axis of incliiratiori, and" toe-dut on turns'^ 

. . ■ . ^ . 

• To use information obtained from a customer interview to aid m 
^ the diagnosis of alinement problems 

• To recognize worn or defective parts in the suspension system 

• To dia^ose the reasons for excessive wear in the suspension system 

• To diagnose tHe reasons for n\alf unctions of the suspension system 

• To check and adjust '^caster, camber, and toe-in 

^ .* -■ <. * ^ 

• Td^ch^ck and diagnose unusual suspension and alinement problems 

^ •.to modify suspension settings for unusual conditions of operation 

W or load 



• To check ana-adjust rear suspension alinement 



iponsion al: 



CONTEND OUTLINE UNDERSTANDINGS AND TEACHING APPROACHES 

Wheel'^Alinement Explain front end geometry and how the position 

Factor^; ' of the wheels affect the steering and handling 

characteristics of a vehicle. 

A. Camber Define and explain camber. (Ref. A, pp.* 72-73; 

Ref. pp. 478-479; Ref . C, pp. ^29-34)t' 

Explain how camber makes the steering easier 
by permitting the weight of the vehicle to be ' 
supported by the inner wheel bearing and 
spindle. 

^ Point out that camber is a directional control 
angle and mes^ured in degrees. 



tReference citations are shown- on page 61 v 
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Wheel Alinement 



CONTENT OUTLINE 



B. Caster 



C. Steering axis 
of inclination 



WACHES 



• ^ UNDERSTANDINpS AND TEACHING APPROACHES 

^ Explain and illustrate positive and negative 
cainber. Show the efffects of camber by using 
the illxistiration- of steering a bicycle by 
leaning. ^ . 

Point out hpW incorrect camber may clause 
excessive wear of: * ' ^ 

• Ball joints 

• Wheel bearings 

• Tire edges 

' Demonstrate how to oqtain a camber reading 
using a gauge. Empha)|d.ze that the wheels 
should be straij^lt ahevek^hen a reading is 
taken. 

Have students practice obtaining camber 
readings of vehicles. . 

mtnt6 laJbui in tht £mon. 

Define and explain caster. Indicate that 
caster is a directional angle and has little 
effect on tire weaS:. (Refl C, pp. 35-39). 

Illustrate^ the effect of caster by using a 
furniture caster. (Ref. A, p. 76) 

/Explain and ^illustrate with a drawing. > 
positive and negative caster. 

Explain how cilster affects the following: 

• Steering (hard or pull to one side) 

* Road shock and shimmy ^• 

4\ • Wander and weave at hi^ speed 

Demonstrate how to obtain a caster reading 
using a gauge. 

* -i 

Have students practicev obtaining caster 
readings of vehicles.^ ^ 

Define and explain steering axis 6f inclination 
or kingpin inclinatioii. (Ref. A, p. 73; Ref. 
B', p. 478) . 

22 : 
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« Wheel Alinemeht 

UNDERSTANDINGS , AND TEACHING APPROACHES ^ 

Illustrate with a diagram the included angle 
of camber and steering axis of inclination. 
(Ref. A, p. 73; Ref. C, pp. 40-44) ^ 

Show the effect of th^ axis of steering 
inclination on steering by using a model or 
, a pencil and a cardboard disk. (Ref, A» p. 
74; Ref. B, pp. 479-481) 

Explain how steering axis of inclination 
affects the steering of. a vehicle by: 

• Reducing the need for excessive 
camber , • , 

• Distributing thf weig^it of the vehicle 
more evjenly under the road contact 
area of the tire 

• Providing a pivot about which the wheel 
may turn, thus producin^g easier 
steering and faster recovery from a 
turn $ 

(Ref. A^ pp'. 74, 76; Ref.- pp. 479-48i) 

Demonstrate how to check the "steering axis 
of inclination by using a caster-camber gau^e. 
Obtain specific settings from service manuals 
and charts. 

Point out this angle is nonadj us table, and i 
correction is necessary parts will have to 
be replaced. 

Define and explain toe-in. 

Explain' the relationship of toe-in to camber 
and caster. 

Explain an4p3how how toe-in affects tire 
wear. (Ref. B, p. 501; Retf. F, p. 311) 

Indicate that toe-in is the final adjustmient 
in a wheel alinement^ 

Explain toe-out on turns and how it affects 

the handling of a vehicle. (Ref. B, p. 482) 
to 

Show how the steering arms control toe-out 
on turns, and point out that normally ho 
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Wheel AJinement 

' CONTENT OUTLINE 



F. Rear wheel geometty 



II 



Wheel Alinement 
Preparation 

A. diistomer interview 



UNDERSTANDINGS AND TEACHING APt'ROACHES 

CRef. A. p|. 78; Ref. 



adjustment is p9ssible 
B. p. 482) 



A. l|. 



Explain how toe-out on turns causes tires to: 

• Scuff 

• Squeal 

Show how "slip angles'* affect .tire wear as 
the speed of a vehicle increases. (Ref. F, 
pp. 311-312) 

Demonstrate how to check toe-out. on turns 
using turning plates. Obtain specific settings 
from servicer manuals. Note that if the, 
readings ar^not within allowable limits the 
steering arms have to be replaced. 

Have students practice checking toe-out on 
turns on a variety .of vehicles. 

Explain h^w the rear wheel geometry affects 
the handlihg of the vehicle. Indicate that 
on most cars the rear axle and rear suspension 
systems are designed so they assist in 
steering the vehicle around a comer. The ' 
point about which a vehicle turns changes 
due to the deflection of the springs. 



Point out the importance of and reasons for 
obtaining from the customer the following 
information: 

• Type of driving coiyjiitions (roads 
and speed) . 

• Type of loads carried in vehicle 

• Amount of fuel usually kept in tank 

• Handling of. vehicle 

• Tire wear 

Explain how the above conditions can be 
compensated for by changes in alinement 
settings . 



EKLC 
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f Wheel Alinement 

CONTENT OUTLINE UNDERSTANDINGS ANI> TEACHING APPROACHES 

V ' * • 

% B, Inspection of Indicate why the fronts tires must be in good 

vejjicle condition and have the same diameter for a 

satisfactory wheel alinement. Equalize all 

tire pressures to manufacturer's specifications. 

, . (Ref . A, p. 165)' 

Explain why it is necessary to check the 
curb .height of a vehicle. before performing 
; a wheeyl aiirrement., 

Review how to check the curb height of a 
vehicle. * 

- Indicate that any abnormal sagging condition 

must* be repaired unless it is caused by a 
normal load . 

r ' ■ • • 

Review why it is* necessary to checks the front 
suspension and steering linkage of th^ vehicle 
before performing a wheel alinement. 

Explain why it is important to check wheel 
^ runout when using ^imipment that contacts 
the rim or tire. ' \ ^ 

C. Condition of ^ * Explain why wprk area ^d equipment must be 
, ' work area level during the alinement process. 

Show how to check and level ^^j/f^' alinement 
equipment. ^ 

D. Positioning of Show how to adjust r^q)S or turn plates to 
vehicle the tread of a vehicle. 

•• 

Demonstrate how to position a vehicle when 
^ plates are used. . . 

Demonstrate how to position the vehicle when 
portable stands are used. 

III. Wheel Alinement - Indicate that specific procedures- .and 

Procedures specifications for wh-eel alinemi^ntB may be 

obtained f;fom service manuals and charts . 

Sh6w how to read and write the specifications 
on a work order. 

Camber-casti^r * - Point out that most camber-caster adjustments 
^ .on Americans-made cars and light trucks ^are - 
made by using: 

25 . , ' • 
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Wheel Alinement 

CONTENT OUTLINE 



B, Toe-in 



C. Final chegk 



. ■ ■ ' ' ' f 

UNDERSTANDINGS AND TEACHING APPROACHES 
•iCcc entries 
.t;;Shims 

• Slotted holes *1 

• Sedated upper control arm shaft 

• Adjustable rod and eccentric bushing 

(Ref . G, p. 30-5; Snap-on teaching aid) 

• ■ ' - • ' , ■ 
Demonstrate how to adjust cAnber and castey 
on different types of suspensions. ^Show the 
use of special tools where required. 

Have stixlents practice making cainber-caster 
adjustments on different typei of suspensions 
Students should acquire the proficiency 
necessary tbr an entry mechanic. 



Demonstrate how to 'make toe-in adjustments 
on different types of suspensions. ||^lai 
the various kinds of equipment used to 
measure to^-in. Emphasize that toe-in is 
measured in inches and not in degrees. 

Explain how toe-in adjustments affect the 
straight ahead position of the steering 
wheel. 



Have students conplete their alinement work 
by making toe-in adjustments. 

Caution students to check carefully all 
locking devices at the conclusion of every 
wheel alinement. 

Emphasize that the final step in an alinement 
is to roafl test the vehicle to be sure the: 

• Front end tracks properly 

• Steering wheel is centered 

^ Steering is functioning properly 

• Front end has no unusual noise 
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CONTENT OUTLINE 



IV» Diagnosis of Unusual 
Suspension and Aline- 
m^i^t Problems 



Additional customer 
information 



! Wheel Alinement 
UNDERSTANDINGS AND TEACHING APPROACHES 

Indicate that on delivery to the customer 
the inside and outside of the vehicle should 
be free of dirt and grease. 

Point out that to properly diagnose unusual 
suspension and alinement problems^ the 
mechanic needs to have «know ledge and experience 
of other areas of the automobile because 
some problems that appear to be related to 
suspension or alinement are rtally the. result 
of other factors. ^ 

Explain how additional .information ^|Mb the 
customer might be helpful in the di^^Risis 
of unusual suspension and alinement problems. 

Develop with the students a list of items 
which would help a mechanic gather useful 
information from the customer. Consider 
such items as: 



• Nature of problem 

• Duration of problem 



V 



B. Road test 



• Previous^ repairs to suspension system 

• Time or mileage since last seivice 
to suspension system 

• Other problems of vehicle 

•^g^es and frequency of loads carried^ 

Have students role play several situations 
involving an interview between a mechanic 
and a customer* Have students evaluate the 
information gathered during each interview 
and suggest ways to improve .the communication 
between mechanic and customer. 

Explain how a road test of the vehicle may 
sid)stantiate the customer's coiplaints and 
indicate the need for othei* sel^vices 
related to: 
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• Tires 

• Brakes 

•. Ignition.. and lights 



ERIC 
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Wheel Alineme^t 

CONTENT OUTLINE 



C. Visual inspection 
!• Tire wear 



2. Curb height 



3. Tracking 



4. Application 



Review Discussion 



UNDERSTANDINGS AND TEACHING APPROACHES 

• Fuel 

• Drive train 

Have students road test cars and note 
unusual alinement problems. 



Use visui|jL.aids and actual tires to* show how 
tire wear illay indicate: 

• Alinement problems 

• Balance problems 

• Poor driving habits 

• Improper inflation 

Sjibw how the curb height of a vehicle may 
indicate abnormal loading conditions which 
would affect the caster and camber settiags. 

Show how poor tracking of a vehicle may 
indicate a: 

• Broken spring center bolt 

• Bent frame 

• Damaged or improperly adjusted control 
arm 

Have students practice checking vehicles with 
unusual suspension and alinement problems. 



m 



1. Discuss the necessary searvices . that must be done before a vehicle 
can be alined. 

" ■ . ' • - 

2. Explain how to check the levelness of the area used for wheel 
alinement. 

3. Describe how to properly position a vehicle for alinemehif. 

4. What must be known by the mechanic before curb heights can be 
adjusted? 
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Wheel Alinement 

5. What vehicle operating conditions must be considered in order to 
perform a satisfactory alinement? 

•■ ■ ■ . ^ 

6. Explain how to adjust camber and caster on ball joint, and the' 

kingpin types o£ suspensions. 

7. Explain how tire type and condition affect wheel alinement. 

8. Explain the situations when a mechanic would not adjust the front 
end according to factory specifications.^ 

9. Which direction from the vertical is negative caster? 

10. Which direction from the vertical is positive can*er? 

11. Define steering axis of inclination and explain how it affects 
the steering of a vehicle. ^ 

12. Describe the effects of incorrect camber and caster settings on 
vehicle performance. 

13. Can toe-out on turns be adjusted? 

14. How does incorrect toe-in or toe-out affect tire wear? 

15. Describe some of the causes of excessive tire wear. 

16. Explain the. terms bversteer and understeer. 

17. Discuss the, suspension and alinement problems that can be diagnosed 
directly by a road test. ^ 

18. Explain how the customer '& loading or use of his vehicle affects 
alinement and tire wear. ^ 

19. Discuss some diplomatic ways of explaining to a customer that 
many of his car problems relate to his own poor driving habits. - 

20. What parts of the car are factory balanced? . ' 
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WHEEL BALANCE 



OBJECTIVES 

The student will be able: 

• To diagnose wheel balance problems 

• To check wheel runout 

• To static balance wheels 

' To dynamic balance wheels (on and off car) 



CONTENT OUTLINE 

Importance of Wheel 
Balance 

A. Steering stability 



B. Tire life 



C. Wear and vibration 



, II. Wheel and Rim Runout 



UNDERSTANDINGS AND TEACHING APPROACHES . 

Discuss the advantages of having the wheels 
of a. vehicle balanced. 

Explain how improper wheel balance causes 
"wheel tramp" and "wheel shimmy." (Ref. A, 
pp. 166-167; Refr. C, pp. 50-51)t 

Explaiin and illustrate how improper wheel 
balance shortens tire life. ^Ref* B* P- 501) 

Explain how an unbalanced whebl vibrates . 
the entire body and chassis and causes wear 
of the suspension parts. 

r 

Explain how riadial and lateral runout affect 
wheel balancing. 

Show how-to check for radial runout. Indicate 
that wheels exceeding .060 of an inch runout 
should be replaced. (Ref. G, p. 30-24) 

Demonstrate how to check for lateral runout. 
Indicate that wheels exceeding .090 of an 
inch runout should be straightened or 
replaced. (Ref. G, p. 30-24) 

Have students practice checking radial and 
lateral wheel runout. 



III. Tire Condition 
tReference /itations are shown on page- 61 



Explain how different types of tire wear 
affect balance. 



24 



30 



Wheel Balance 
UNDERSTANDINGS AND TEACHING APPROACHES 



Indicate that tires should ruil true for an 
accurate job of balancing. Note that tire 
runout is not as critical as wheel runout « 
because a tire casing is flexible and changes 
shape with speed. If the runout exceeds 
one-eighth of an inch, the tire must be trued 
or replaced. (Ref. D, p. 445) 

Explain static balance. Indicate that a 
wheel in balance has its weight equally 
distributed around the axis' of rotation. 
Static balaneiag ds^^one with the wheel 
assembly at rest. 

Indicate that most wheels and tires are out 
of balance. Illustrate this-by loosening 
the wheel bearings a little and releasing 
the brakes and note that the heavy part of 
the wheel settles to the bottom*. (Ref. A, 
p. 169) 

Explain why all old weights and stones need 
to be removed from a tire before starting 
any balancing. 

Discuss the range, types, and sizes of 

weights that are available for wheel balancing. 

Demonstrate static balancing of a tire and 
wheel assendbly by the use of a bubble balancer. 
Point out that the bubble balancer^ only 
balances the wheel and tire and does no.t 
include the hub and brake drum or disc. 

Explain why the weights should be split or 
Halved on the inst^lation to compensate for 
dynamic balance. 

Have students practice static balancing of 
tire and wheel assemblies. 

Explain dynamic balance. Indicate thai: 
dynamic balanping is done while the wheel 
assembly is in motion. 

Show with a sketch why a tite that is ' 
•statically balanced may.not be dynamically 
balanced, (Ref. F, p. 303) 
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UNDERSTANDINGS AND TEACHING APPROACHES 



Point out that some types of dynamic balanc^^rs 
will balance a wheel in twQ planes. 

Indicate that any loose material inside the 
tire makes it impossible to balance the tire 
correctly. . 

Point out the hazards associated with dynamic 
wheel balancing such as: 

• Flying stones 

• Moving parts 

'•Describe and illustrate the different types 
of on-the-car dynamic wheel balancers that 
are available. 

^ Demonstrate on-the-car dynamic wheel , 
^^ balancing. (Ref. A, pp. 171-172) 

Point out that the main advantage of on-the- 
car dynamic, wheel balancers is fheir ability 
to balance the wheel, hub, and brake drum or 
disc as a unit. Note that cars equipped with 
disc brakes require a more powerful spinner 
than cars equipped with drum brakes . 

ttvz6 to dmorUitAcutz zquipmznt not avaJMibtz 
OK cuutangz^t/Up^i to cormeAciaJt tOiz 6hop^ to 
ob^Wod a vcuvL^ty o^ Qjquipment a6e. 

Have students practice on-the-car dynamic 
balancing of wheels. 

Describe and illustrate the different types 
of off-the-car dynamLc wheel balancers that 
are available. - 



Demonstrate off-the-car dynamic wheel balancing 

Have students practice off-thencar dynamic 
balancing of wheels. 

1 Demonstrate how to balance' rear wheels. In- 
I elude the jacking procedures for both, regular 
land limited slip types of rear axles. (Ref. 
ip, p. 30-25), 



ave students practice balancing rear wheels, 
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, Wheel Balance 

Review Discussion 

1. Describer some of the conditions caused by poor wheel balance. 

2. What is static balance? 

3. What is dynainic balance? 

4w How can dynainic unbalance be corrected. 
> 5. What are the various methods used to balance wheels? 

6. Explain how to balance rear wheels. 

7. What are some customer's complaints that indicate the need of 
. ' wheel balancing? 

8. Wh,at precautions should be observed when balancing the rear 
[x: wheels of a vehicle? 

9. What are the advantages of balancing the tir«, wheel, hub, and 
brake drum or disc as an assembly? 

10^. How would you attach wheel weights when balanciH!g a "Mag" wheel? 

11. When balancing wheels on the car, explain why a more powerful 
spinner is required for vehicles equipped with disc brakes than 
for vehicles equipped with drum brakes. 

12. Explain why an out-of -round tire that has been properly balanced 
may continue to cause vibrations. 

13. Discuss methods used to make a tire run true.. 

14. Discuss methods of testing such rotating parts as- the flywheel, 
driveshaft, and engine to determine whether or not they are out 
of balance. 

15. Discuss the ability of different types of spinner wheel balancers 
to balance wheels and tifes in V)ao planes. 
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MANUAL AND POWER STEERING 



OBJECTIVES 

The student wiil be aWe: 



i. 



II. 



• To inspect steering gears and recognize leaks and exi^essiVe p^ay 
and wear 



• To adjust steering gear end play and mesh 



• To remove, overhaul, and replace different types of steering 
gear assemblies ^ 



• To remove and replace erfergy absorbing steering gears 

• To service power steering hoses and belts 

• To test and adjust power steering systems ^* 

• To overhaul component parts of the power steering systeih 




CONTENT OUTLINE 
Steering Systems 



UNDERSTANDINGS AND TEACHING /^ROAOJES; , 

Describe and illustrate different types fNl 
steering systems including: 




Manual Steerjin^^ 
A. Adjustment , 



• Worm and sector 

• Cam and lever 

• Worm and roller 

• Recirculating ball (compacts)^ 

• Rack and pinion (sports and light 
sedans) 

• Power steering 
(Ref. A, pp. 200-211)t 



Demonstrate how to perform the following 
checks and adjustments on steering gears: 



tReference citations are shown on page 61. 
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CONTENT OUTLINE 



Manual and Power Steering 
UNDERSTANDINGS AND TEACHING APPROACHES " 



• Play in the straight ahead position 

• End play or preload in bearing 

• Mesh or backlash 

Refer to service manuals for specific 
specifications and procedures. 

Indicate- there should be no play in the 
Straight ahead position. 

Explain how it is possible to incorrectly 
adjust a steering.,box too tight which would 
prevent the wheel returning to the straight 
ahead position. ^ 

Have the students practice making bearing 
end-play an^ steering mesh adjustments on 
a variety of shop units. Later, have students 
check -and adjust the steering gear boxes on 
their Wn vehicles. 

Demonstrate the procedures for the removal 
and replacement of a manual steering assembly. 

Include the following: 

• Use fender and seat covers to prevent 
damage to the vehicle 

• Use a puller when removing the pitman* 
arm. and steering gear to prevent 
damage to the threads 

• Note the color and position of wires 
before removing the steering column 

• Note position of alinement shims and 
mark verticle position of column to 
facilitate reinstallation 

C. Overhaul Point out that the steering sy^em is subjected 

to the following types of damage: * 

• Wear 

• Accident (bent and broken) 



B. Removal and 
Replacement 

: 1 



• Lack of lubrication 
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Manual and Power Steering 
CONTENT OUTLINE 



III. Power Steering 
A* Types - 

r 



UNDERSTANDINGS AND TEACHING APPROACHES 

Demonstrate how to overhaul a steering gear 

Explain how to prevent damage to the ball 
guides by. not allowing the ball jiut on a 
recirculating ball steering gear to travel 
tb the extreme ends of the worm. * 

Show how to center the sector shaft. 

Have students practice overhauling and 
adjusting various types of manual steering 
gears. Refer to service manuals for 
specifications and procedures. 

Explain the functions and operation of a . 
power steering unit. (Ref . C, pp. 72-74) 

Indicate that the commonly used power 
steering units include: 

• Linkage 

• Integral 

Discuss the advantages and disadvafntages of 
the- linkage type power "Sieei iftg<^ncluding 
the following items: 

• Easy fhstallation and removal 

• Lower cost 

• Less road feel 

• Exposed location 
(Ref. C, pp. 123-128) 

Discuss the advantages ^nd disadvantages of 
the . integral type power steering including 
the follQwing items: 

• Compact installation 

• Better road feel 

• Difficult to service 

• Impractical to install in the field 
(Ref. C, pp. 104-121) 
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Manual and Power Steering 
CONTENT OUTLINE UNDERSTANDINGS AND TEACHING APPROACHES 

B. Mijior service Show how to perform the following minor 

services : 

^ • Add fluid i \ 
^ ^/ • Adjust belt tension 

•^Change belt 

• Tighten fittings 

• Remove and replace hoses 

Explain why it is important to have the belt 
^ in good condition and at the proper tension. 
^ Point out that a worn belt or too much tension 

may lead to power steering pump failure and 
damage to the alternator or water pump 
bearings. 

C. Adjustments Demonstrate how to make the following 

adjustments : 

• End play or preload in worm bearing 
? Mesh 

• Centering of spool valve 

Explain how to prevent damage to thQ bearings 
by using a spring scale or torque wrench 
when adjusting preload. 

D. Punp service Explain the operation of the power steering 

pump, including the following types: 

•|lipper 

• Roller 

(Ref. C, pp. 88-103) 

Demonstrate how to service the following pump 
components: 

• Seals 

• Bearings 

• Pump mechanism 
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Manual and Power Steering 
CONTENT OOTLINE 



E. Control valves 



F. Steering gears 



Review Discussion 



UNDERSTANDINGS AND TEACHING APPROACHES 

Refer to service manuals for specific repair 
procedures. 

Explain why it is important to maintain clean 
work procedures wh«n servicing a power 
steering pump.. 

Demonstrate how to perform a pressure test 
of a power steering pump by using special 
tools and gauges. (Ref. D, p. 490) ■ 

Show samples and explain the operation of 
the following types of power steering control 
valves including: ^ 

• Linkage 

• Torsion bar 

• Rotary 

Demonstrate how to center the control valve. 

Demonstrate the overhaul of commonly used 
power steering gear units. 

Have students practice overhauling various 
models of power steering units produced ty 
major manufacturers/ 

Eiqphasize the importance of performing quality 
work because a mechanic's error could cost 
the customer his life. 



Describe the various types 'of manual steering gears and adjustment 
procedures. 



2. Explain what happens if a steering box is adjust 

3. How is a steering goar checked for adjustment? 
What is the major advantage of rack, and pinion steering? 
What is the advantage of variable ratio power steering? 



o tight, 



How are 
is rebui 



Why is 
steer 



pump shaft ^seals prq^cted when a power steering pump 



liness so important during the rebuilding of a power 

r ' 38 . 

32 



SAMPLE FINAL EXAMINATION 

Sample Final Examination Part I -r Fill-In Statements 

Direatione: For each statement, write the word oip phrase that, when 

^ inserted in the blank, will complete the statement correctly. 

1. Oil^ pressure for the power steering system is produced by the POWER * 
STEERING PUMP . 

2. A vibration in a vehicle that tends to occur at a specific road speed 
is usually caused by IMPROPER WHEEL BALANCE . 

3. Toe-out on turns is usually referred to as STEERING GEOMETRY . 

4. According to State inspection rules, the maximum allowable movement in 

a kingpin type front suspension is ONE -QUARTER OF AN INCH at the wheel. 

5. Oiv the Falcon type ball joint susp^sion, the springs ar^ attached to 
the UPPER CONTROL ARMS . 

6. A free-turning wheel that always comes to rest at the same spQt is 
usually OUT OF BALANCE . 

7. When a cftr rounds a corner at high speed, the difference between the 
actual path and the path the wheels are pointing is called the SLIP 
angle. * * 

8. The front springs used on Chrysler products are called TORSION BARS , ' 

9. Shock absorbers may be tested. on the vehicle by BOUNCING > 

10. On a conventional type of independent suspension^ the springs are placed 
between the UPPER AND LOWER CONTROL ARMS . 

11. On a vehicle equipped with torsion bars, the curb height of the vehicle 
may be changed by TURNING A BOLT . 

12. The most popular type of shock absorber in use at the present time is 
the DIRECT ACTING type. 

13. Two alinement factors that influence tire wear are TOE-IN and CAMBER. 



14. The part of the spring that wraps around the spring shackle is called 
the SPRING EYE . 

15. Toe-in can be adjusted by changing the length of the TIE-ROD . 
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16. An under inflated right front tire will cAuse the vehicle to pull to 
the RIOfT. 

17. The inflation pressure of tires should be checked when the tires ate 
COLD. * 

18; Two types of wheel balance are STATIC and DYNAMIC . 

19. As the speed of a wheel increases » problems due to unbalance become 
MORE NOTICEABLE . 

20. Toe-in is required because the front wheels of a vehicle in motion have 
a tendency to TOE -OUT * 

21. In a typical front suspension system, the upper suspension arm is 

. connected between the frame and the STEERING KNUCKLE, 

# 

22p When a wheel of a coil spring suspension system is deflected by passing 
over a bump, the spring is COMPRESSED . 

23. Wljen a direct-acting shock absorber rebounds, fluid flows out of the 
upper part of the cylinder and also the RESERVOIR . 

24* When the point of intersection of a front suspension is below the 
surface of the road, the front wheel will tend to TOE-OUT. 

25. Toe-out on turns means that the inner wheel of a vehicle negotiating 
a comer will turn in a(an) SMALLER arc than the outer wheel. 

26. The device that allows a leaf spring to change its length as it flexes 
is called a(an) SHACKLE . 

«» 

27. Ball joints should be checked periodically for AXIAL and RADIAL wear. 

28. The stee^ring axis of inclination may be changed by the REPLACEMENT OF 
PARTS . 

29. Incorrect camber may cause excessive wear of the wheel bearings, BALL . 
JOINTS, and TIRE EDGES . 

30. The last step in a wheel alinement job is ROADtESTING THE VEHICLE > 

' '» 

Saiiple Final Examination Part II — Multiple Choice 

Directions: For each statement, place in the space to the left of the 

question the letter of the choice that completes the statement 
iilost accurately. 

C 1, The tilt Of the top of the wheel in or out is called 

A. caster 

B. toe-in 

C. camber 

D. -Steering axis inclination 

> ' » ■'■ 
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D 2. 



When viewed frwn the front, the inward tilt of the top of the 
steering knuckle support is called 



A. caster , 

B. toe-out 

C. camber 

D. steering axis inclination 

B 3. When the front of the wheels is closer together than the back of 
the wheels, it is called 

A. toe-out 

B. toe-in . 

C. toe-out on turns 

D. toe-in on turns • 

_C 4, More positive caster is obtained by iwi||ing the top ball joint or 

the top of the kingpin 

* A. in toward the frame of the car 

B. out away from the frame of the car 

C. to the Vear of the car 

D. to the front of the car 

D . 5. The amount of toe-in required in a vehicle is determined by the 

A. , wheel base 

B, caniber - ^ 

C, toe-out on turns 

D. forward motion of the vehicle 

B 6. Too much positive caster will cause , 

A. excessive tire wear 

B. slow speed shimmy 

C. high speed vibration 

D. excessive wear to ball joints 



Toe-out on turns is controlled by the 

A', length and angle of the steering arms 

B. length of the tie rods 

C. size o| the tires and wheels 

D. speed of the vehicle as it goes around a corner 



8-. Too much negative caster will cause 



A. -excessive tire wear ^ 
'B, high speed vibration ' 

C . wandering 

D. excessive wear to wheel bearing 



9. When checking caster, the front wheels must be 



A. in straight ahead fK)sition 
* B. turned a' total of 20® 
C. turned a total of 40® , 
ttorned as far as possible 

10. The type of oil generally used in power steering units is 

A. 10-30 engine oil 

B. automatic transmission type A 

C. brake fluid 

D. EP-90 

11. When adjusting any integral power steering gear, it is most 
important that the steering linkage be disconnected from the 

A. pitman arm ' • 

B. steering wheel 

C. front wheels 

D. drive shaft 

12 » The gauge used to check the fluid pressure in any power, steering 
.system must have a maximum range of . ,<-^ ^ 

A. 100 p.s.i. ^ 

B. 300 p^s.i. 

C. 50a p.s.i. 

D. 2000 p.s.i. 

13. When there is no oil pressure in a power steering system, the 
most likely cause is 

A-. low tire pressure ^ 

B. improper wh^el alii|ement r 

C. stuck relief valve 

D. rough pump bearings 

14. Spool valves in hydraulic steering systems are initiially controlled 
by 

A. flxaid 

B. air pressure 

C. the driver 

D. the wheel spindle 

15. If a power steering gear tries to steer itself, the 

A. ^pool valve is incorrectly positioned 

B. idle speed is set too hig^ 

C. steering linkage needs adjustment 
0. bearing preload is too heavy 
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16. The steering valve must Ite so positioned that is provides,. 

A. equal torque in both^irections- ^ ' 

B. a quick recovery on turns 

C. 30 ft. lbs. ^torque 

D. strai^t tracking 

17. When reassembling a power steering unit, generally the old "O" 
rings and seals should be 

A. washed carefully and reused if not damaged 
BTsiubricated and reused ' 

C. discarded and replaced with new ones 

D. Kept submerged in fluid until used 

18. To adjust the centering of the spool valve, the steering gear 
must be ^ . , 

A. installed in the car * 

B. connected, to the- steering gear pump 

C. disconnected from the steering gear, ^ump 

D. disconnected from, the pitman arm 

19. If the centering of the sp.ool valve is incorrect, it can be 
adjusted by 

A. changing the oil pressure 

B. adding or removing shims ^ 

C. turning the spool valve adjuster ^ 

D. changing the position 'of the steering wheel 

20. If a power steering pump belt squeaks when the steering wh6el is 
turned to the stops, lisually it indicates that the 

A. belt is too tig^t 

B. belt is too loose or worn 

C. cross section of the belt is incorrect ^ 

D. fluid is low ; 

21. If a linkage type power steering cylinder is damaged internally, 
it must 

A. be disassembled for adjustment 
_B. have the internal parts replaced 

C. be replaced as a unit 

D. be honed and fitted with an oversize piston 

22. Hie weight or pressure requi^'ed to' deflect' a spring leaf is 
called the 

A. spring rate 

B. spring weight 

C. spring defleCftion 

D. spring rebound 
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^^C 25. The rear suspension system in which the driving torque is 

absorbed by the springs is called a^ 

^ ^ ' • ■ • ■ ' 

A. torque -tube drive 

B. differential drive 

C. Hotchkiss 'drive 

D. ^Hoplce's drive 

_C 24. TTie rear suspension system in which the driving torque is 

transmitted to the engine mounts by connecting the differential 
housing to the transmission housing i-s called a 

A. Hooke's drive 

B. Hotchkiss drive 

C. torque-tube drive 

D. differential drive 

^B 25. In a tear suspension system that uses coil springs, the devices 

connected between the housing and the frame are called 

A. axle arms 

B. control arms 

C. stabilizers 

D. wheely bars 

_C 26. In a typical ball joint type front-suspension s^jstem, the lower 

suspension arm is connected -between the car frame and the 

A. upper suspension arm 

B. shock absorber arm 

C. steering knuckle 

D. steering arm 

B 27. When a direct-acting shock absorber is^ compressed or telescoped, 
fluid passes through the piston orifices into the upper part of 
the cylinder and ^ 

A. out of the reservoir 

B. into the reservoir ' 

C. into the dust shield 

D. out of the dust shield 

C 28. The point at which the centerline of the wheel and the centerline 

of the ball joints cross is called the 

A. included angle 

B. point of departure 

C. point of intersection 

D. slip angle . 
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29. The back tilt of the steering axis from the verticle is called 



A. positive caster?^ 
B; negative castex 

C. positive c^^iir 

D. negative camber 

30. Positive caster will' tend to cause a vehicle to 

A. rollout on turns . 

B. bank on turns 

C. roll -in on turns 

D. toe-in on turns 
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In the steering gear, a geai^ sector, stud, or toothed roller is 
meshed with a / ' ^ 

A. worm gear 

B. ball. bearing 

C. roller bearing 

D. steering wheel 



i 



32. The independent front suspension -^^'/A* 

A. uses fewer. moving parts, than a rigid axle suspens;Lon 

B. uses a beam to hold the wheels/ together -^ - ^ , > 

C. allows one wheel to move up and down without directly 

affecting the other one 

D. uses the Reverse Elliot type axle . 
. ' < 

33. A suspension stabilizer bar twists when 

A. one spring deflects 

B. the vehicle is heavily loaded 

C. the vehicle' is stopped quickly 

D. both wheels move up and down together 

34. The ends of the front stabilizer bar attach to the 

A. upper control arms 

B. frame 

C. steering arms ^ 

D. lower control arms 

35. On most vehicles that use a unit body, the shock, absorbers are 
usually found between the 

A. upper and - lower control arms 

B. body^ and upper control arm 

C. lower control arm and frame 

D. steering knuckle support and lower control arm 
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36. Hie device in the front suspension which limits the difference 
in spring action is called the 

V' , 

A. shock absorber ' .^^ 

B. lower control arm 

C. iipper control arm 

D. stabilizer bar 

37. The spring eye is formed on the 

A. har^ger 

B. main leaf 

C. shackle T 

D. shortest ieaf ^ 

38.. The spring is attached to one end of the frame by a hanger and to 
the other end by a 

A. clanqp 

B. bolt 

C. shackle | 

D. * "IT' bolt I 

I . ^ 

i 

39. The^most common type of spi[ing used on American-made cars with 
independent front suspensibh is the 

^ " ^ ■■ ' i 

A. coil w I 

B. leaf I 

C. torsion bar j 
» D. hydraulic 

i 

40. The most commonly used type of leaf spring is the 

A. quarter elliptic 

B. semielliptic 

C. three-quarter elliptic I ^ 

D. full elliptic 

41. The unsprung weigjit is that part of the vehicle which is 

A* supported by the springs 

B. not attached to the springs 

C. not supported by the springs 

D. directly above the springs 

42. "The purpose of a shock absorber is to 

A. support the weight of the vehicle 

B. increase the flexibility of the spring 

C. dampen spring oscillations 

D. absorb engine vibrations 



46 

40 



43. The actual amount of toe-in is normally .set at 



A. zero inches 

B. a fraction of an inch 

C. r» 

D. 1 1/2" 



44. When the outside wheel is moved about 20** during a txanv the inside 
wheel is moved about. 



A. 17** 

B. 20** 

C. 23** 
29** 



45. When a vehicle is in motion, the parallel rolling of the front 
wheels is controlled by 

A. caster / 

B. camber 

C. steering geoiqetry ^ 
D\ toe-in / 

46. The rubber iinpregn«(ted fabric material of a tire is palled the 

A. shoulder / ^ 

B. tread / 

C. body / 

D. body ply / 

47. Excessive wear/ at the center of a tire tread is caused by 

A. over inflation 

B. under inflation 

C. too much /positive camber 



48^. A tire tr^ad wear that produces feather edges is caused by 

A. wor„,Ues ' 

B. excessive kingpin inclination 

C. incorrect toe-in 

D. under inflation 

49. The pull on a vehicle caused by a road crown is best corrected by 



A. tunning the left tire with less pressure 

B. putting a larger tire on the right front wheel 

C. / increasing the pbsitive caster in the left front wheel 
D/ increasing the amount of toe-in 

/ 



D. too muc^ toe-in 



/ 



/ 



. / 
/ 
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D 50. Th^ tire stem of a free turning balanced wheel will always stop at 



A. the top 

8. the bottom ' , 

C. the side . 

D. a different spot each time 

J 51. Before alining the front wheels of a vehicle, the mechanic should 

check tire inflation, wheel bearing condition, and 

> \ A. wheel rxin-in 

B. wheel balance 

C. steering axis runout 

D. toe-iji on turns 

B .52. Steering gear end play or preload adjustment is usually checked 
by using 

A. a feeler gauge 

B. a torque wrench 

. C. a dial indicator 
D. Prussian blue ) 

C 53. When overhauling a power steering unit, the most important 

procedure that a mechanic should follow is to 

A. work fast 

B. paint the exterior of the unit 

C. keep parts and work ai'ea free of dirt ^ 

.D. lise labor saving tools ' 
D 54. When replacing a ball joint, it is very important to 

A. remove the cotter pin from the stud nut 

B. remove the tie-rod end 

C. remove the steering knuckle assembly 

D. keep the coil spring compressed 

p 55. Toe-out on turns is adjusted by 



A. altering the length of the tie rod 

B. altering the length of the* steering arm 

C. altering the length of the A frame • • 

D. replacing the damaged parts 

B 56. independent rear suspension normally has a camber adjustment and 
in many cases also an adjustment for 

A. caster 

B. toe-in 

C. toe-out on turns 

D. steering axis of inclination 
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B 57. Hard steering may be caused by 



A. worn ball joint3 ' 

lack of lubrication in the steering linkage and ball joints 
or kingpins 

C. tight wheel bearings 

D. poorly a'djusted brakes 

58. Shims are used on some front suspension systems to change^^e 



A. kingpin adjustment 

B. length of the tiey^od 

C. amount of toe-out on turns ^ 

D. caster adjustment 

I* ■ . 

59. When doing a wheel alinement job, toe-in is the 

A. only angle to adjust 

B. first angle to adjust 

C. second angle to adjust 

D. last angle to adjust 

^B 60. When checking the ball joints on a suspension system with coil 

springs on the upper control arms, the jack is placed under the 

A. coil spring r 

B. lower control arm inner shaft 

C. lower ball joint 

D. lower control arm and as close to the wheel as possible 



i 
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Sanple Final Examination Part III Matching 

Direotione: In the space provided to the left of each item in Colmmi I, , 
write the letter of the word or phrase from Coliiran II which 
best matches the item in Column I. 







Column I 




Coltimn II 




L 


1. 


Excessive toe-in 


A. 


Type of spring 




. M 




Balance 


B. 


Slip angle 


\ 


J 


3. 


Excessive ' caster 


c. 


Causes tire to wear on 


outer edges 


H 


4. 


Axis of inclination 


D. 


Causes tire to wear on 


one side of 










tread 




0 


S. 


Rack and pinion 














E. 


Con t r 0 Is os ci I'l at i on 




D 


6. 


Excessive camber 














F. 


Pitman arm 5 




E 


7. 


Shock absorber 














G. 


Toe-out on turns 




C 


8. 


-Under inflation 














H. 


Makes steering easier 




A 


9. 


Torsion bar 














I. 


Drag link 




G 


10. 


Steering geometry 














J. 


Hard steering 










K. 


Control angle 










L. 


Causes tire to scuff 










M. 


Wheel tramp 










N. 


Kingpin bushing . 










0. 


Direct steering 










P. 


Upper control arms 
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USING AUDIOVISUAL MATERIALS 

Audiovisual materials are'^both a tool for teaching and an avenue for * 
learning and are well suited to stimulate ^ hi^ leyel of class ipvolvement . 
It is suggested that audiovisual materials be ijsed with a variety of 
learning activities and that the instructor not devote an entire class 
session to the use of such materials. The following suggestions may help 
the instructor iise audiovisual materials more effectively in class 
presentations. 

Plan tht PKUtrUatLon {Oxganization and MeMiodt) 

Always preview any audiovisual material to become familiar i*ith its 
content and see that it correlates with the lesson. Adult studehts 
dislike time fillere and inappropriate presentations. While previewing, 
prepare comments which might answer such quc^ions as the following: 

. y \ . - 

• What is being illxistrated? 

• Why is the presented material important? ' ^^Slfett^ 

• What are' the important terms and understandings being prM^^S? 

• What are some apprppilate topics which could be used to stimulate 
class discussions? 

• ■ . ■ 

PAepaA.e tht EqiUpment and McvteJuat^ 

Request the required equipment several days ahead of time from the 
director of adult education or person in charge of audiovisual equipment. 
Then, see that it is delivered prior to the starting of the class. Check 
the equipment to see that it is all in working cn^der. Before the class 
begins, practice using the equipment to become acquainted with its operation. 
Arrange the room so that everyone can see and is comfortable. Have a screen 
ready and place it so that the least amount of outside li^t is reflected 
onto it. The wall may ^e used, but a screen is much more desirable. The 
larger the room and the larger the audience, the larger the screen that is, 
needed. Be sure there is a table for the projector, an electrical outlet, 
an extension' cord, and a spare projector lamp. in case the one in use fails. 

If the class is held during .the day, be sure the room can be darkened 
and ventilated. Check to see that the lights can be turned off without 
shutting off the power to the projector. At the conclusion of the presenta- 
tion, allow the fan on the machine to cool the equipment for a few minutes 
before completely shutting off the power. ^ , ' 



51 



45 



ERIC 



Oaa^qjU iht ClcL66 {Background MoutoMAM] 



Explain the subject matter that is going to be presented. Discuss * 
'^Ke important terms used^ and indicate the main points that will be covered. 

Have the film thii^MB|k asftf^ the projector ready for use. Stop the film 
or filmstrip for discus^mT as the need arises during the 'showing instead 
of ♦waiting until the gj^esentation has been completed. A filmstrip may be 
used as a whole or' as a part, whichever is appropriate to the needs of the' 
trainees. It may also be stopped at any frame for discussion or questions. 
At the end of the showing, make your comments and encourage discussion and 
questions from the trainees. 

SumntULLzz thz Conazpt& and UndeA6taruiLng6 

Itemize the iii5)ortant learnings on the chalkboard as^ they are contrib- 
uted by the class. Allow time for the trainees to raise other questions 
which may lead to a more complete understanding of the topic. Encourage 
trainees to keep some kind of notation for future review. . 

EvaJbmiz thz KnotAiizdgu AcqtuAed 

Prepsire a list of questions which might assist trainees to evaluate 
how well they have learned the important, points of the presentation. One 
approach mi^t be for the instructor to present the question and pause for 
a few moments to allow the trainees to form their answers before responding. 
Interest could be generated, by asking the trainees to keep track of the 
number of tKeir correct answers. 

FoJUomp With OppoKtuniXLu To ExpZoKZ hiew Knov^zdgoM 

Introduce several new topics for discussion which will motivate the 
trainees to a further investigation of the subject. 

ReMx/in thz Equ^iprnznt and McuteAAXit^ - 

After the class is over, make arrangements to return the equipment and 
school-owned audiovisual materials. For an item ordered from an out-of- 
school source, complete th^ required attendance report, prepare the material 
for mailing, and make arrangements for its prompt return. 
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PREPARING AND USING TRANSPARENCIES 

Materials for use on the overhead projector may be prepared by hand» 
the heat-transfer process, and the color^lift process. Each method is 
described briefly for those who mi^t wish to make their own original 
transparencies . 

GeneAod Saggution6 ' 

• Select any content that is appropriate for an overhead transparency. 

• Keep content of transparency simple. 

• Organize the content of the transparency carefully. "v. . 

• Use multiple overlays (one transparency over another) for the 
development of a concept or to show ^teps^ 

• Keep master and overlays in^^register with cro$shair marks in opposite 
0 comers. 

• Use color to make the transparency attractive, but only enough color 
for emphasis. Color-toned sheets or colored ink may be used to 
identify parts of a drawing or picture. 

• Plan transparency for horizontal projection. 

• Use letters and symbols that are at least i-inch hi^; Use a 
lettering guide or dry-transfer letters and symbols*^^ to produce 
attractive titles or labels. 

• Leave a j-inch clear margin on all sides of the transparency. 

• Use a pointer to identify a specific part and then remove it quickly 
or lay pointer on transparency, for a hand-held pointer cannot be 
kept steady and is distracting. 

• Use a sliding or hinged mask to control the rate of discljLsure when 
more than one step is included on a transparency. 

Handmade PAJ0ceM6 

Produces a sin;)le and inexpensive transparency. 

Materials Neecfed 

•^Plastic sheet or roll - clear or frosted 
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• Markers - grease pencil or pen ' . * ' 

• Ink - transparent or india 
Suggested Procedures 

• Mark directly on the plastic sheet. This may be done in front of 
the class as the lesson is being given or may be prepared ahead of 
time. 

• Remove materials placed on. a handmade transparency with a sponge or 
cloth moistened with wateic or a special cleaning fluid. Then the 
transparency is ready to be used again.' * 

Produces a transparency from almost any original that. is flexible and no 
thicker than a sheet of paper. 

Materials Needed 

^ Plastic sheets 

• Item to be copied 

• Copying machine 

Suggested Procedures \ 

• Material to be copied can be opaque or translucent but should have 
a carbon-type ink base (black) » 

• Follow the directions for the specific copying machine; use the 
recommended type of plastic sheets. 

ColoK-Li{^ PA.oce^4 — VA.ympuyU 

Produces a transparency by transferring the ink ofi a printed picture to a 
sheet of transparent film. Only material printed on a clay -based paper 
may be used. 

Materials Needed 

• Special film 

• Detergent 

• Flat tray , 

• Drymount press • . x 

• Pressiire boards 

• Item to be transferred . 
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Suggested ProceHures 



• Select and test the picture to be lifted. Wet the fingertip and 
rub over an unprinted portion of the page. Clay-based papers will 
leave a white residue on fingertip. 

• Dry the picture for 5 sefconds in a drymount press at 270° F. 

• Put the picture on the coated side of the special film and place 
between pressure boards. Heat the resulting sandwich for 2-3 minutes 
in a drymount press set for 270° F. 

• Place picture and film in lukewarm water containing a liquid 
detergent. Soak for 2 minutes '^pr until the paper pulls easily from 
the acetate. 

^ ' A- 

Wash clay coating from picture and dry film carefully. 

• Sprays ink surface^ with clear- lacquer spr^y. Allow spray to dry; 
then mount transparency. .< . 
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GLOSSARY 

Ackerman principle: A design whicJ reduces tire scuff during turns by 
making the inner wheel turn jjjt a sharper angle than the outer wlteel. 

Air spring: A device that uses air under pi?essure to pij^duce a spring 
action. 

Alinement: The process of bringing the various parts of a unit into proper 
positions relative to each other or to a predetermined location. 

Antifriction bearing: a bearing that uses rolling action (balls or rollers) 
to reduce friction between parts. 

Automatic leve] control: a type of suspension system which keeps the rear 
of the vehicle at a predetermined level regardless of the load. ^ 

Ball beari ng'(anti friction) : a bearing consisting of a series of haftdened^ 
steel balls contained in hardened steel races. 

Ball joint: A flexible joint that lises a ball and socket type of 
cor^t ruction . ' 

Belted-bias tire: a type of tire «::oi;istruction that reinforces the normal 
plies with a fabric or fiber glass,b*elt which goes aroimd the circumference 
of the tire juJst under the^ tread. v 

Bias-ply tire: A type of tire construction in which the plies crisscross 
/ Q>i^||Ch other; the common tire style. 

Bushing (friction): A bearing or removable sleeve that has a bearing 
surface on its inside surface^ 

Camber: The moving of the top oljilrhe tire away from the vertical plane; 
when the movement is putward at.,;t3ie top, the camber is positive. 

Casing: The part of a tire that is made of fabric or cord and to whlcK 
rubber is vulcanized. ; - . 

Caster (wheel^Ulinement) : The backwiardv^^r forward tilt of the steering 
knuckle to obtain directional stability. V 

Center of gravity: The point of stn ob jecty yrtle^e^^^^ of its- weight may 
considered to be concentrated. A- 



Center steering linkage: a type of steering system that uses tie rods 
connected to stSering arms and a central idlep arm. 

Chassis: The frame, suspension, and running gear of a vehicle without the 
body and fenders. 

Coil spring: a spring steel roc wo;ind ^n a spiral pattern. 

Contact patch: The part of the tire tread that contacts the road surface. 

Cornering wear: Tire-tread wear caused by taking turns at excessive speeds 

Direct-acting shock absorber: A device that uses a double acting piston 
moving in a cylinder to restrict spring movement. 

Directional stabilitjy (steering): The ability of a vehicle to move 
forward in a straight line with a mimimum of driver control. 

Drag link: A steel rod that connects the pitman arm to one of the steering 
knuckles or a center" idler arm. ' - 

Dropped axle: A front axle that has been changed so as to lower the frame 
. of the vehicle. 

Dynamic* balance: The even distribution of the weight mass of a revolving 
object.^ 

Eccentric (off center): A protrusion on a shaft that rubs against or is 
connected to another part in order to change rotary motion to 
reciprocating motioi;i. 

Elliot type axle: A front axle beam with "C" .shaped yokes on each end 
which support the steering knuckles. 

Frame: The metal structural parts that support the chassis and body of a 
vehicle and which in turn are supported by the wheels. 

Frame gauges: Gauges hung from the frame to check frame alinement. 

Friction bearing: a bearing that uses sliding action to reduce friction 
between parts. 

Front-end geometry: The angular relationship between the front wheels 
with their attaching parts apd the frame of the vehicle; includes caster, 
camber, steering axis of inclination, toe-in, and toe-out on turns. 

Ful 1 -f 1 oati ng axle: a rear drive ^xle in which the driving shaft does not ' 
support the vehicle's weight but merely drives the wheel. 

Hard steering: A situation in which more effort than normal is required 
to^turn a vehicle at highway speeds. 
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Hotchkiss drive: A type of rear suspension iiK^hich the <iriving force of 
the rear wheels is transmitted to the frame throbigh the rear springs. 

Hydrolastic suspension: A type of suspension which uses rubbe^if* sprirtgs in 
conjunction with a water and alcohol hj^.draulic balancing syst'em. 

Idler arm: A link used to support one end of a tie rod or drag link' and. 
which transfers steering action from the sli^jiiHttg gear ..ta:4lie steering arms. 

Included angle (steering): The angle formed by drawing center lines 
through the steering axis and center of the wheel when viewed from the 
front of the vehicle; include^ camber angle plus steering axis of 
inclination. < - v/ ■ 

Independent suspension: a type/of suspension system that permits each 
wheel to mov^ up and down with little affect on the other wheels. 

Inertia: ' The force which tends to keep a stationary body at rest or a 
moving body in motion until acted upon by some outside force. 

Jiggler: A device used with some on-the-car wheel balancers that has a 
point which vibrates when the wheel is out of balance. 

Kingpin: A hardened steel pin that passes through the steering kntickle 
and axle end, * 

Kingpin inclination (kpi): The 'tilt of the tops of the kingpins inward 
from the' vertical centerline of the wheel. Also called steering axis 
inclination. ^ - 

Lead: The tendency of a vehicle to pull to one side of the roa,d. 

Leaf spring: A type of suspension spring made up of one or more pieces 
of flat spring steel. 

Linkage power steering: a type of power steering in which the power units 
(power cylinder and valve) are part of the steering linkage. . 

Live axle: An axle which holds and drives the wheel. 

Locknut: a nut turned down against a holding nut in order tp prevent 
loosening*. 

Longitudinal leaf spring: A leaf spring moimted parallel to the length 

of the vehicle. ^ ^ 

Loose steering: Excessive motion in a steering system. 

Low pivq^ SWing^axle: A rear axle design in which the differential housing 
is attached to the^ frame by a pivot mount. 

"Mag" wheel: A trade name for a special type of wheel. 
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Needle bearing: a bearing composed of many small diameter rollers fitted 
into a race. — . 

"0" ring: a ring made of special rubber-like material which is fitted, 
into grooves to provide a sealing action.' 

Overs teer: The tendency for a vehicle negotiating a corner to turn more 
sharply thai? the driver intended. 

Parallelogram steering linkage: ,A type of steering 'system that uses two 
$hort tie rods which are connected to the steering arms 'and a long center 
link. The center link is supported by an idler arm on one end> and is attached 
directly to the pitman arm on the other end. This arrangement: forms a 
parallelogram. 

Pitman arm: A short arm which transmits the steering force from the 
steering gear cross -shaft .to the steering linkage. 

Pitman-arm stop: A device used on some cars (mainly those using linkage power 
steering); to prevent excessive pitman-arm travel. 

Power cylinder: A device used to produce the force needed to activate a 
mechanism or system. . - - 

Power rack: a rack used 'in some power steering units to transmit force 

from the power cylinder to the pitman shaft. ' 

Power steering: a type of steering system that uses hydraulic pressure to 
reduce the driver's turning effort. - ; 

Preloading: The application of a small amount of pressure to an -f? " ( 

antifriction bearing to eliminate any play in the system. ^-'^ " V* 

1% •'X ' ' • ' "* 

p.S.i.': Pbljricis per square inch. " 

■ ' ' • . .'^ ^ 

Rack-and-pjinion steering: a type of steering in which a pinion on the -end \f \ 
of the steering shaft meshes with a rack qp the main crossmember of the-, 
steering linkage. -V f :' ^ '-^^ ^ 

Radial -bias tire: A type of tire cqnstruction in which the plies are 
constructed perpendicular to the rim' and with a circumferential belt' placed -i . ^ 
on top them. ' ' 

Reamer: A ^metal-cutting tool with a series of sharp fluted cutting edges - ' 
used to remove material accurately to a finished diameter. \^ 

Recirculatiing ball: a type of steering system that uses a serie^^of.stV^el '''t^ 
balls that 'feed through grooves cut in the worm which engage a, Titit .'and /' ' ^ a 
cause it to move along the worm. . * > - ^ " -c-:*" '^ - 



Relief valve: ^ a type of valve that opens when a preset pressure is Readied. 

Reverse Elliot .type axle: A front axle beam with ends that fit into^he* \ 
yoke of the! steering knuckles; commonly used on trucks. . • . 
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Road* feel : The vibrations or feedback given to the driver through the 
steering wheel relative to the handling qualities of a vehicle in mbtioh^ 

Road shock: The vibrations, given to the steering wheel by depressions or 
obstacles in the - road. ' ' 

Scuff gage: a device used to check toe-in . 

Sector: A section of a gear. ' • ^ . > 

Shackle: A device used to fasten the end of a leaf spring to the chassis. 

Shim: A thin piece of material installed between two objects to increase 
the distance between them*. 

ShimtTiy: A condition in whifiliWie front wheels of a vehicle move rapidly 
from side to side witho)it any apparent external force. 

Shock absorber: ^A device used •to potitrol spring oscillations. 

Skid:: The condition when a tire fails ^'tol maintain traction with the road 
'Surface. ' . 



^Slip angle: ' The difference between. the actii^l patih .taken by a vehicle going 
around a turn and the path the Vehicle, woulAhave taken if it had gone in 
the exacl direction -that the wh'ee were poSmted. * 

Snubber: *A device -that* limits -the movement of" some part. 

Spindly,: Tha machined shaft pf the steering kim^les on Which the front 
wheel bearings ar^.'itiounted.' " / , v 

Spool valv'e: a 'hydra^ilic fcontrol valye shaped somewhit like a spool used 
iji a powejjT steerin^cohtrol unit. . ^ ; .* y..'\-^'. 

Spring: A device that* yieij3|^ uod^r pressure apd retuSrns to its original 
'position afrer the ^^r^ssuqre is re'mQved. , ^ ' ' > 



Sbrini^ boos>ter: 3 .A dffvicewused toXincrease the load capacj-ty bf standard 
brings. ^ ^ ; ^' ' r ^ ^ ' ' 

Spring Windup: The; -shape taJsfif by rear "leaf ■ spring? during- acceleration 
or b^raking?* /"^ ' ' ^.i ' *• ^ ' 

Sprung wdight: The weight ^of all the^^arts of a vehicle that are supported 
by thfe suspen^ioB. \ ' ^,t" y " V * 



S^tJ^|li?er'bar: A ,spririg steel bar th4t*,(::ontrols;' afid^minimizes body lean on 
c«i*fie36fe(rl Also called a siiay bar. s _ ' ' 

Static ijarafTCe: The even distribution of the weight mass around the axis 
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steering arm: The part of the steering knuckle that attaches to the tie 
rod r 

Steering axis: The centerline through the ball joints in a front suspension 
system, . • ^ . 

Steering axis inclination: The tilt of the tops of the kingpins inward 
from the vertical center lime of the wheel. Also called kingpin inclination. 

Steering gear: The gears on the lower end of the steering column that 
multiply the force applied ty the steering wheel. 

Steering geometry: The various angles involved in the front end suspension 
and alinement of a vehicle. 

Steering kick back: . The rapid movenients of the steering wheel when the 
front wheels encounter obstructions in the road. 

Steering knuckle: The part of the spindle that pivots on either a kingpin 
or ball joints . ' 

Steering knuckle angle: The angle formed between a line^through the ball 
joints of a front suspension and the centerline of the spindle. Also 
called the included angle. 

Steering post or column: The shaft that connects the steering gear unit 
with the steering wheel. 

Steering wheel: The wheel at the top of .the steering skaft which is used 
to guide the vehicle/ 

Suspen$ion arm: The part of the front suspension that is pivoted to the 
frame at one end and to the steering knuckle support at the other end. 

Swing axle: a rear suspension system in which each driving wheel is able to 
move up or dbwn independently. 

Thrust bearing: A bearing designed to resist side pressure. 

Thrust washer: a bronze or a hardened steel washer placed between two 
moving parts to provide a bearing surface and prevent longitudinal movement. 

Tie rod: a rod in the steering system that connects the pitman arm to the 
steering knuckle arms. 

Tilt steering wheel: ^ a type of "steering wheel that can be tilted at 
various angles • ' \ ■ ^ 

Tire balance: The condition in a wheel when the weight mass is evenly 
distributed around the axis of rotation. 

Tire bead: The part of the tire that bears -against the rim flange. 
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Tire plies: The layers of fabric that form the casing of a tire. 

Tire rotation: changing the location of the tires on a vehicle to equalize 
any irregularities in wear. 

Tire sidewall: The part of the tire between the tread and the bead. 

Tire tread: The part tf the tire that contacts the road. ^ 

Toe-in: The condition in which the distance between the front part of the 
wheels is less than the distance between the rear part of the wheels. 

Toe-out on turns: A desi^ that allows the inner wheel to turn more sharply 
than the outer wheel as a vehicle goes around a corner. 

Tolerance: a permissible variation between two extremes of a specified 
dimension. , 

Torque: A turning pr twisting force^ 

Torque tube drive: a type of rear suspension in which the driving force of 
the. rear wheels is transmitted to the frame through a torque tube 
surro\jnding the drive shaft. 

Torque wrench: a special wrench that- indicates the amount of force being ' 
applied to a bolt or nut. 

Tors^ion bar: A long spring steel rod so attached that it provides a spring 
action when its free -'end is twisted. 

Torsion bar suspension: a suspension system that uses torsion bars in 
place of leaf or^oil springs. 

Track: The distance between the wheels on one axle. 

Tracking: The condition in which the rear wheels follow the path made by 
the front wheels . » 

Traction bar: A bar or link attached to the frame and rear axle housing 
to prevent spring windup during heavy acceleration or braking. 

Tramp: The hopping motion of the front or rear wheels at hi^ speeds due 
to an unbalanced condition or excessive wheel runout. 

Transaxle: a drive design in which the transmission and differential are 
combined into a single unit. 

Transverse leaf spring: a leaf spring mounted at right angles to the 
length of the car. 

Tread: The part of the tire which contacts the roadway. 

Troubleshooting: The investigation necessary to determine the cause of a 
problem. Also implies correction by eliminating the cause. 
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Turning radius: The radius of the smallest circle which a vehicle can be 
turned. 

"U" bolt: A bolt used to attach the spring to the rear axle. 

Understeer: The tendency for a car negotiating a corner to turn less 
sharply than the driver intended. \ 

Unit body: A body of a vehicle which acts as the frame. 

Unsprung weight: All the parts of a vehicle that are not supported by the 
suspension, wheels, and tires. 

Wandering: The condition in which the steered wheels of a vehicle vary 
from their intended path causing interference with the directional control 
of the vehicle. 

Wheel aliner: A device^^ij^d to check cairiber, caster, and toe-in. * 

Wfieel balancer: A device used to check the balance of a wheel either 
statically or dynamically. 

Wheelbase: The distance between the centerline of the front wheels and 
the centerline of the rear wheels. 

Wheel hop: The bouncing action of the wheels during heavy acceleration or 
braking. 

o ] 

Wheel runout: A lack of alinement of the wheel to the axle which' causes 
the wheel to wobble as it rotates. 

Wheel tramp: A hopping motion of the front wheels that causes vibrations 
at high speeds. ' 

Wide treads; wide oval: Tires in which the heighth, bead to tread surface, 
is about 60 or 70 percent of the width acrpss outside of carcass. 

Worm gear: A spiral shaped gear cut on a shaft; used on the lower end of 
the steering shaft. 

Worm and roller: A ty^e of system that uses a roller on one end of the 
cross-shaft to engage the worm gear on the steering shaft. 

Worm and sector: A type of steering system that uses a worm gear to engage 
a section (portion of a gear) on' the cross-shaft. 

Worm Snd taper pin: A type of steering system that uses a tapered pin at 
the end of the cross-shaft to engage the worm gear on the steering shaft. 
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DIRECTORY 



American Insurance Association 
85 John St. 
.New York, N.Y. 10038 



American Motors Corp 
Customer jRelations Dept 
14250 Plymouth Rd 
Detroit, Mich. 48232 



American Petroleum Institute 
1801 K St. NW. 
Washington, D.C. 20006^ 

American Vocational Journal 
American Vocational Association, Inc. 
1510 H St. NW. 
Washington, D.C. 20005 

Ammco Tools Inc. \ 
2100 Commonwealth Ave. 
North Chicago, 111. 60064 

Auto Books 

2900 Magnolia Ave. 

Burbank, Calif. 91503 

Automotive Service Industry 

Association 
230 North Michigan Ave. 
Chicago, 111. 60601 

Bear Manufacturing Corp. 
2830 Fifth St. 

Rock Island, 111. 61201 ^ 

Bee^ Line Co. 
Davenport, Iowa 52808 

Chicago Rawhide Manuf acturingpCo. 
900 North State St. 
Elgin, 111. 60120 

■# 

Chilton Book Co. 
401 -Walnut St. 
Philadelphia, Pa. 19106 



Chrysler Corp. |^ 
Dodge Division 
7900 Joseph Campau St. - 
Detroit, Mich. 48231 

Chrysler Corp. 
Plymouth Division 
Box 1658 
^etroit, Mich. 48231 

Chrysler Corp. 
Service Publications 
Box 857 

Detroit, Mip^. 48231 

Classic Mptorbooks 
3844 Thomas Ave. South 
Minneapolis, Minn. 55410 

Coronet Films 

65 East South Water St. 

Chicago, 111. 60601 

DCA Educational Products, Inc. 
4865 Stenton Ave. 
Philadelphia, Pa. 19144. 



Delmar Publishers,, 
Mountainview Ave. 
Albany, N.Y. 12205 



Inc. 



Drake Printing Co. 
Pontiac Repaii Manuals 
2000 West Eight Mile Rd. 
Ferndale, Mich. 48220 

Exxon Co. , U.S.A. 
Northeastern Region Office 
Hutchison River Parkway 
Pelham, N.Y. 10803 

Fel-Pro, Inc.. 

Division of Felt Prpducts 

Manufacturing Co. 
7450 North McCormick Blvd. 
Skokie, 111. 60076 



EKLC 
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Floyd Clymer Publications 

222 North Vergil Ave. 

Los Angeles, Calif. 90004 

H 

Ford Motor Co. 
Educational Affairs Dept. 
3000 Schaefer Rd. 
Iparborn, Mich. 48124 

Ford Motor Co. 

Industrial Relations, Employee 

Programs 
American Rd. 
Dearborn, Mich. 48121 

Ford Motor Co. 

Service Publications (Ford and 

Mercury) 
Box 7750 

Detroit, Mich. 48207 

General Motors Corp. 
Buick Motor Division 
Service Publications Dept. 
Flint, Mich. 48550 

General Motors Corp. 
Cadillac Motor Car Division 
Service Dept. 
Box 297 

Detroit, Mich. 48232 

General Motors Corp. 
Chevrolet Motor Division 
Service Dept. 
General Motors Bldg. 
Detroit, Mich. 48202 

General Wot or s Corp. 
Film Library 
General Motors Bldg. 
Detroit, Mich. 48202 

Geperal Motors Corp. / 
Oldsmobile Division 
Service Dept. 
Lansing, Mich. 48921 

General Motors Corp. 
Pontiac Motor Division 
Service^ Dept. 
Pontiac Plaza 
Pontiac, Mich. 48( 



General Motors Corp. 
Public Relations Staff * 
General Motors Bldg. 
Detroit, Mich. 48202 

General Motors Technical Center 
Educational Relations Section. 
Warren, Mich. 48090 

Glenn Mitchell Manuals, Inc. 

4926 Savannah St. 

San Diegd, Calif. ^2140 ^ 

Goodheart-Willcox Co., Inc. 
18250 Harwood Ave. «^ 
Homewood, 111. 60430 

Helm, Inc. 

Chevrolet Manual Dept. 
Box 7706 

Detroit, Mich. 48207 

Howard W. Sams and Co., Inc. 
4300 West 62d St. 
Indianapolis, Ind. 46268 

Hunter Engineering Co. 
1250 Hunter Dr. 
Bridgeton, Mo. 63044 

Industrial Education 
CCM Professional Magazines, Inc. 
7250 Westfield Ave. 
Pennsauken, N.J. 08110 



J. H. Bender Equipment Co. 
2315 North 26th St. 
Birmingham, Ala. 3S207 

John Bean Division 

FMC Corporation ^ 

Lansing, Mich. 48909 

McGraw-Hill Book Co. 

330 West 42d St. 

New York, N.Y. 10036 

Moog Industries, Inc. 
Box 7224 

St. Louis, Mo. 63177 



Inc, 
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Motor Book Division 
Hearst Magazines 
250 Wjist 55th St. 
New York, N.Y. 10019 

if 

Mt. San Jacinto College 
MUlti-Media Office 
21400 Highway 79 

Oilman Hot Springs, Calif. 92340 

National Audiovisual Center 
National Archives and Records 

Service 
Washington, D.C. 20409 

New York State Department of Labor 
Division of Employment 
State Campus 
Albany, N.Y. 12226 

New York State Petroleum Council 

757 Third Ave. 

New York, N.Y. 10017 

Omega Manufacturing Co. 
Box 7188 

Cleveland, Ohio 44128 



Owatonna Tool Co. 
352 Nixon St. 
Owatonna, Minn. 55060 

Robert Bent ley Inc. 
872 Massachusetts Ave. 
Cambridge, Mass. 02139 

School Shop / 
Prakken Publications 
416 Longshore Dr. 
Ann Arbor, Mich. 48107 




State University of New York at ^ 

Albany 
Film Service 
. 1400 Washington Ave. 
Albany, N.Y. 12203 
« 

Stcjrling Educational Films 
241 East 34th St. 
New York, N.Y. 10016 

3M Co. 

Visual Products Division 
3M Center 

St." Paul, Minn. 55101 

TRW, Inc. 
' Replacement Division 
8001 East Pleasant Valley Rd. 
Cleveland, Ohio 44131 

U.S. Department of Labor 
Occupationa^jpafety and Health Adm. 
Washington, dTc. 20210 

U.S. Government Printing Office 
Superintendent of Documents 
Washington, D.C. 20402 

Weaver Division 
Walter Kidde § Co., Inc. 
#ox 258 

Springfield, 111. 62705 

Wheel-A-Matic Co. of America 
Griffin Rd. * 
West Franklin, N.H. 03235 



Science Research Associates, Inc. 
259 Eaist Erie St. 
Chicago, 111. 60611 

Scott Education Division 
The Plastic Coating Corp. 
Holyoke, Mass. 01040 

Snap-On Tools Corp. 
8028 28th Ave. 
Kenosha, Wis. 53140 
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Your job: good work habits. Coronet Wilms., 13 min. sound, color. 
Purchase - Coronet Films. 

Wheels and tires. Sterling Educational Films.- 1968. 12 min. sound, 
'color. Purchase - Sterling Educational Films. 

FILMSTRIPS AND SLIDES 

Fundamentals of wheel alinement.. Bear Manufacturing Corp. 1970. 87 
slides. Purchase - Bear Manufacturing Corp. 

John Bean Visualiner. Mt. San Jacinto College. 33'frs. sound, color. 
Purchase - Mt. San Jacinto College. 

Off the car dynamic wheel balancing. Mt. San Jacinto College. 45 frs. 
sound, color. Purchase - Mt. San Jacinto College. 

On the cartwheel balance. Mt. San Jaqinto Co^Llege. 27 frs. sound, 
color. Purchase - Mt. San ^^^^^^ \j 

Pre^ alignment' checks. Mt . San Jacinto -eollfej^^^^^ris.. ^soiiri^. color. 
' Purchase - Mt. £f!an Jacinto College. ' l^|-4 - " 

Prtnoiples of wheel alinement service.- Mcfirawi^ll Book Co. 1971. : V 
80 slides, color. Purchase - McGraw-Hill Book Co. ' '-^J^ ^ 
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Safety at work. Scott Education Division. 10 filmstrips. 56 frs. avg. 
length, color, sound. Purchase - Scott Education Division. 
On guard 

The safe program , - , 

Practicing safety 

Protecting your eyes * 

Using hand and >^ench tools 

Operating power machines 

Preparing for emergencies 

Wounds - spraii^s - fractures 

Shock - fainting'- bums - eye emergencies 

Artificial respiration 

Shop safety. -Mt. San Jacinto College. . 49 frs. sound, color. 
Purchase - Mt. San Jacinto College. 

Static wheel balance. Mt. San Jacinto College'; 28 frs. souhd. color. 
Purchase - Mt. San Jacinto College. 

Wheel aligrment. Ammco Tools, Inc. 80 slides. Purchase - Ammco Tools, 
Inc. ^ 

FILM LOOPS 

Adjusting torsion bar suspension. DCA Eduoational Products, Inc. sound, 
color. Purchase - DCA Educational Products, Ind. 

- • v * •* 
Caster-camber adjuspnents -cam assemblies. DCA Educational Products, 

Inc. sound* color. Purchase - DCA Educational Products, Inc. 

Caster-camber adjustments - shim assemblies. DCA Educational Products, 
Inc.- sound, color. Purchase - DCA Educatioi^l Products, Inc. 

Cqster-camber adjustments ^ slot assemblies. DCA Educational Products, 
Inc. sound, color. Purchase - DCA Educational Products, Inc. 

Checking camber. ' DCA Educational Products, Inc. sound, color. 
Purchase - DCA Educational Products, Inc. 

Checking caster. DCA Educational Products, Inc. sound, color. 
Purchase - DCA Educational Products, Inc. 

Checking toe and center steering. DCA Educational Products, Inc. 
sound, color. Purchase - DCA Educational Products, Inc. 

Front wheels. DCA Educational Products, Inc. sound, color. Purchase - 
DCA Educational Products, Inc. 

Rear wheels. DCA Educational Products, Inc. sound, color. Purchase - 
DCA Educational Products, Inc. 

Run-out and out-of -balance. DCA. Educational Prod'ucts, Inc. sound, 
color. Purchase - DCA Educational Products, Inc. 
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Set-up and suspension checks. DCA Educational Products, Inc. sound, 
color. Purchase - DCA Educational Prlcfacts, Inc. 



Toe and center steering adjustmenteit" DCA Educational Products, Inc. 
sound. coloV. Purchase - DCA Educational Products, Ine. 

TRANSPARENCIES 

Automotive steering systems. McGraw-Hill Book Co. 1972. Purchase - 
McGraw-Hill Book Co. 

i- 

Automotive suspension systems. McGraw-Hill Book Co. l^/^* Purchase - 
McGraw-Hill Book Co. .^'li^^w 



Front end assembly. DCA Educational Products, Inc. ^flT transparencies . 
color. Purchase - DCA Educational Products. Inc. 

Safety in the shops. 3M Co. 23 transparencies, color. Purchase - 
3M Co. 

Wheel and tire balancing. DCA Educational Products, Inc. one 
transparency, color. Purchase - DCA Educational Products, Inc. 

Wheel and tire runout. DCA Educational Products, Inc. one transparency 
color. Purchase - DCA Educational Products, Inc. 
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